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Abstract 

Introduction: The purpose of this study was to evaluate and compare the serum levels and local expression of 
resistin in patients with idiopathic inflammatory myopathies to controls, and to determine the relationship 
between resistin levels, inflammation and disease activity. 

Methods: Serum resistin levels were determined in 42 patients with inflammatory myopathies and 27 healthy 
controls. The association among resistin levels, inflammation, global disease activity and muscle strength was 
examined. The expression of resistin in muscle tissues from patients with inflammatory myopathies and healthy 
controls was evaluated. Gene expression and protein release from resistin-stimulated muscle and mononuclear cells 
were assessed. 

Results: In patients with inflammatory myopathies, the serum levels of resistin were significantly higher than those 
observed in controls (8.53 ± 6.84 vs. 4.54 ± 1.08 ng/ml, P < 0.0001) and correlated with C-reactive protein (CRP) 
levels (r = 0.328, P = 0.044) and myositis disease activity assessment visual analogue scales (MYOACT) (r = 0.382, P 
= 0.026). Stronger association was observed between the levels of serum resistin and CRP levels (r = 0.717, P = 
0.037) as well as MYOACT (r = 0.798, P = 0.007), and there was a trend towards correlation between serum resistin 
and myoglobin levels (r = 0.650, P = 0.067) in anti-Jo- 1 positive patients. Furthermore, in patients with 
dermatomyositis, serum resistin levels significantly correlated with MYOACT (r = 0.667, P = 0.001), creatine kinase (r 
= 0.739, P = 0.001) and myoglobin levels (r = 0.791, P = 0.0003) and showed a trend towards correlation with CRP 
levels (r = 0.447, P = 0.067). Resistin expression in muscle tissue was significantly higher in patients with 
inflammatory myopathies compared to controls, and resistin induced the expression of interleukins (IL)-1(3 and IL-6 
and monocyte chemoattractant protein (MCP)-1 in mononuclear cells but not in myocytes. 

Conclusions: The results of this study indicate that higher levels of serum resistin are associated with 
inflammation, higher global disease activity index and muscle injury in patients with myositis-specific anti-Jo- 1 
antibody and patients with dermatomyositis. Furthermore, up-regulation of resistin in muscle tissue and resistin- 
induced synthesis of pro-inflammatory cytokines in mononuclear cells suggest a potential role for resistin in the 
pathogenesis of inflammatory myopathies. 



Introduction 

The inflammatory myopathies are a group of acquired 
skeletal muscle diseases that include polymyositis (PM), 
dermatomyositis (DM), inclusion body myositis, and 
overlap and cancer-associated myositis. Inflammatory 
myopathies are clinically characterised by proximal mus- 
cle weakness and skin changes in DM. An autoimmune 
origin of inflammatory myopathies is supported by their 
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association with other autoimmune diseases, the pre- 
sence of autoantibodies, the involvement of histocom- 
patibility genes, the evidence of T-cell-mediated 
myotoxicity or complement-mediated microangiopathy, 
and their responses to immunotherapy [1]. Both diseases 
are also characterised by mononuclear inflammatory cell 
infiltration in skeletal muscle tissue, muscle fibre necro- 
sis and regeneration. The inflammatory infiltrates in the 
muscle tissue of DM patients primarily include CD4+ T 
cells, B cells and dendritic cells in predominantly peri- 
mysial distribution, while affected muscle tissue in PM 
patients is characterised by endomysial presence of CD8 
+ T cells and macrophages, which often surround and 
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invade non-necrotic muscle fibres [1]. The pathogenesis 
of inflammatory myopathies has not yet been completely 
elucidated, but several cytokines and chemokines pro- 
duced by immune cells and myocytes have already been 
shown to be involved in the process of muscle tissue 
damage during myositis [reviewed in [2]]. 

Resistin, also known as adipocyte-secreted factor 
(ADSF) or found in inflammatory zone 3 (FIZZ3), is a 
member of the adipokine family. Originally, resistin was 
found in adipocytes to induce insulin resistance in mice. 
It has been associated with several metabolic disorders 
but also with cancer, inflammatory and immune- 
mediated diseases [3]. Resistin is up-regulated by inflam- 
matory mediators in peripheral blood mononuclear cells 
(PBMC) and induces the expression of pro-inflammatory 
cytokines, such as interleukin (IL)-6, IL-8, monocyte 
chemoattractant protein (MCP)-l and tumour necrosis 
factor (TNF)-a, angiogenic factors and extracellular 
matrix metalloproteinases, suggesting a broad contribu- 
tion to many pathological conditions [4-11]. 

Therefore, we assessed the serum resistin level and its 
expression in muscle tissues from patients with idio- 
pathic inflammatory myopathies and studied the poten- 
tial role of resistin in the pathogenesis of muscle tissue 
damage. 

Materials and methods 

Patients characteristics 

Our study consisted of 42 patients with inflammatory 
myopathies and 27 healthy controls. All patients under- 
went muscle biopsy that was guided by positive mag- 
netic resonance imaging (MRI) findings from affected 
muscles [12]. The specific pattern of muscle biopsy, 
including the immunohistological [13,14] and clinical 
investigation, showed that 17 patients suffered from DM 
and 25 from other types of myositis. Based on the novel 
clinicoserological criteria [15], four patients with myosi- 
tis could be classified as pure PM, while 21 had overlap 
myositis. These patients had at least one clinical overlap 
feature and/or an overlap antibody [15]. 

Patients were recruited from the inpatient and outpa- 
tient departments of the Institute of Rheumatology in 
Prague. Disease activity was assessed using myositis dis- 
ease activity assessment visual analogue scales 
(MYOACT) that globally score constitutional, articular, 
cardiac, pulmonary, gastrointestinal, cutaneous, muscle 
organs or systems [16]. Manual muscle testing of eight 
muscle groups (MMT8) was performed and included 
one axial, five proximal (two upper extremity, three 
lower extremity), and two distal muscles (one upper, 
one lower extremity) [17]. Written informed consent 
from each participant was obtained prior to enrolment, 
and the study was approved by the local ethics 
committee. 



Laboratory measurements 

Peripheral blood was obtained from all patients at the 
time of clinical assessment and from healthy donors. A 
routine laboratory analysis was performed on fresh 
serum of patients with inflammatory myopathies. C- 
reactive protein (CRP) levels in patients and healthy 
controls were determined by an immuno-turbidimetric 
technique using an Olympus biochemical analyser 
(model AU 400, Tokyo, Japan). Creatine kinase and 
myoglobin levels were measured by routine laboratory 
methodology using Olympus analyser. All collected 
serum was stored at -80°C until further analysis. Serum 
resistin levels were measured with commercially avail- 
able ELISA according to the manufacturer's protocol 
(Biovendor, Brno, Czech Republic). The levels of IL-ip, 
IL-6, TNFa and MCP-1 (RayBiotech, Norcross, GA, 
USA), along with the levels of perforin (Abeam, Cam- 
bridge, UK) and granzyme (Abeam) in cell culture 
supernatants were measured using commercially avail- 
able ELISA kits. The absorbance was measured at 450 
nm using an ELISA reader (Tecan Sunrise, Salzburg, 
Austria). 

Immunohistochemistry 

Samples for immunohistochemistry were obtained from 
patients with DM (n = 5) and myositis (n = 5) at the 
time of diagnostic muscle biopsy. In these patients, the 
muscle biopsy was guided by positive magnetic reso- 
nance imaging (MRI) findings from affected muscle as 
previously described [12]. Muscle tissue samples from 
patients with myasthenia gravis (MG, n = 5) were used 
as non-inflammatory controls. Muscle tissues were snap 
frozen in isopentane (2-ethylbutane, Sigma-Aldrich, St. 
Louis, MO, USA) cooled in liquid nitrogen. For the pur- 
poses of immunohistochemistry, 5-um frozen sections 
were fixed in acetone and 4% paraformaldehyde and 
blocked with 0.3% H 2 0 2 . The sections were incubated 
in tris buffered saline (TBS) buffer and incubated with a 
monoclonal anti-resistin antibody (Phoenix Pharmaceu- 
ticals, Inc., Burlingame, CA, USA) at a dilution 1:500 for 
one hour. Afterwards, the slides were rinsed again in 
TBS buffer. Antigen-antibody complexes were visualised 
with a Histofine detection system (Nichirei Biosciences 
Inc., Tokyo, Japan) using 3, 3'diaminobensidine as a 
chromogene. Rabbit IgG (Dako Cytomation, Glostrup, 
Denmark), diluted 1:1,000, was used as a negative con- 
trol. The sections were slightly counterstained with Har- 
ris' hematoxylin. All sections were analysed 
semiquantitatively by two experienced pathologists who 
were blinded to the clinical data. The intensity of resis- 
tin expression was scored on a four-point scale (0 to 3). 
A staining intensity of 0 represented a negative result, 
and scores of 1 to 3 represented weak, moderate and 
strong positive staining intensity, respectively. 
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Cell culture and stimulation assays 

Human skeletal muscle cells (Lonza, Basel, Switzerland) 
were cultured at a density of 100,000 cells in a six-well 
plate in 2 ml DMEM (Gibco, Carlsbad, CA, USA). 
PBMC were isolated by standard Ficoll density gradient 
centrifugation from blood samples donated by healthy 
donors. Freshly isolated PBMC were resuspended at a 
density of 10 cells per well in a 12-well plate in 2 ml of 
RPMI 1640 (Gibco, Carlsbad, CA, USA). Both myocytes 
and PBMC were stimulated with human recombinant 
resistin (Biovendor, Modrice, Czech Republic) at a con- 
centration of 10, 100 or 1,000 ng/ml for 6 and 48 hours 
at 37°C in 5% C0 2 humidified atmosphere. In the initial 
experiment, PBMC were stimulated with either resistin 
(1,000 ng/ul) alone or in combination with polymyxin B 
sulphate (5 ug/ml, Sigma-Aldrich, St. Louis, MO, USA) 
to exclude possible endotoxin contamination. For the 
gene expression analysis, cells were lysed in RLT buffer 
(Qiagen, Hilden, Germany) 6 h after stimulation. The 
supernatants were collected following 48 h of stimula- 
tion. The samples were stored at -80°C until use. 

RNA isolation and TaqMan Real-Time PCR 

Total RNA was isolated using a MagNA Pure Compact 
RNA Isolation Kit for the MagNA Pure Compact Instru- 
ment (Roche Diagnostics, Mannheim, Germany), and 
reverse transcription was performed with a High Capa- 
city cDNA Reverse Transcription Kit (Applied Biosys- 
tems, Foster City, CA, USA). Real-time PCR was 
performed using gene expression assays (Applied Biosys- 
tems), and the reaction was performed using a 7900HT 
Fast Real-Time PCR System (Applied Biosystems). Data 
were analysed using the ddCt method for relative quan- 
tification, and 18S was used as an endogenous control. 

MTT assay 

The evaluation of the proliferation of myocytes after 72 
h stimulation with resistin (10, 100, 1,000 ng/ml) was 
carried out with an MTT test using dimethylthiazol 
diphenyl tetrazolium bromide (Sigma-Aldrich). The 
absorbance was measured at 570 nm via ELISA reader 
(Tecan Sunrise, Salzburg, Austria). 

Statistical analysis 

Data are expressed as the mean ± SD or mean ± SEM 
where indicated. The Mann-Whitney U test was used 
for comparisons between two variables, and the Krus- 
kal-Wallis test, along with Dunn's multiple comparison 
tests, was used for comparisons among more than two 
variables. Paired T-tests were used for statistical analyses 
of gene expression. Spearman's and Pearson correlation 
coefficients were used to correlate any two variables 
with non-normal and normal distribution, respectively. 
P-values less than 0.05 were considered statistically 



significant. The analysis and the graphs were performed 
using GraphPad Prism 5 (version 5.02; GraphPad Soft- 
ware, La Jolla, CA, USA). 

Results 

Characteristics of patients 

The characteristics of patients and healthy controls 
included in this study are given in Table 1. Our study 
group included 17 muscle biopsy-verified patients with 
DM and 25 with other types of myositis. Out of these, 
four had pure PM while 21 fulfilled criteria for overlap 
myositis. The mean duration of myopathy symptoms 
ranged from 1 to 154 months. Proximal muscle weak- 
ness occurred in 95% of patients. Rash was present in 
40%, heliotrope rash in 30%, Gottron's papules/signs in 
28%, V sign rash in 28%, shawl sign in 14% and 
mechanics hands in 35% of patients. The Raynaud 

Table 1 Characteristics of patients with idiopathic 
inflammatory myopathies and healthy controls 



Characteristic MM HC 

N 42 27 

Age (years) 53.8 ± 14.2 49.5 ± 8.6 

Sex (F/M) 31/11 22/5 

CRP (mg/l) 9.3 ±21.6 1.8 ±1.5 

CK (ukat/l, ULN 2.7) 33.6 ± 58.2 NA 

Myoglobin (ug/l, ULN 70) 1345 ± 2422 NA 
Clinical activity of myositis 

MYOACT global 0.15 ±0.11 NA 

MMT8 (maximum 80) 65.34 ±12.31 NA 
Autoantibodies (%) 

Anti-Jo-1 24 NA 

Anti-Ro-52 37 NA 

Anti-Ro-60 2 NA 

Anti-PL-7 5 NA 

Anti-PM-Scl-100 12 NA 

Anti-PM-Sd-75 7 NA 

Anti-Mi-2 12 NA 

Anti-Ku 2 NA 

Anti-SRP 5 NA 

Anti-U1RNP 5 NA 

Anti-histones 5 NA 

Other (AMA, M2, CENP-B) 2 NA 

Negative 21 NA 
Treatment (%) 

Before therapy 1 9 0 

Treatment less than 1 month 53 0 

Treatment more than 1 month 26 0 

Glucocorticoids 67 0 

Others 19 0 



Abbreviations: CK, creatine kinase; CRP, C-reactive protein; F, female; HC, 
healthy controls; MM, inflammatory myopathies; M, male; MMT8, manual 
muscle testing of eight muscle groups; MYOACT, disease activity assessment 
visual analogue scales; N, number; NA, not analysed 
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phenomenon was present in 21% of patients, arthritis in 
26% and dysphagia in 49%. Myositis-associated intersti- 
tial lung disease and cardiac involvement was diagnosed 
in 44% and 23% of patients with inflammatory myopa- 
thies. Eight patients were assessed prior to treatment 
initiation, and 23 patients were treated for less than one 
month. All other patients underwent treatment for more 
than one month. In the 29 patients treated with gluco- 
corticoids, the median dose was 40 mg of prednisone or 
its equivalent/day ranging from 7.5 to 85 mg/day. Seven 
patients received methotrexate, one patient received 
methotrexate in combination with cyclosporine A and 
one patient was treated with azathioprine. 

Increased resistin levels and disease activity in patients 
with inflammatory myopathies 

The serum resistin levels were significantly higher in 
patients with inflammatory myopathies than in healthy 
controls (8.53 ± 6.84 ng/ml vs. 4.54 ± 1.08 ng/ml, P < 
0.0001, Figure 1). Patients with both DM (7.39 ± 3.75 
ng/ml, P < 0.01) and overlap myositis (9.65 ± 8.88 ng/ 
ml, P < 0.001) had significantly higher levels of resistin 
compared to healthy controls. There were no significant 
differences in the levels of serum resistin between 
patients with DM and other types of myositis (7.39 ± 
3.75 vs. 9.31 ± 8.30 ng/ml, P = 0.626) or between anti- 
Jo- 1 positive and anti-Jo-1 negative patients (9.459 ± 
5.948 vs. 8.242 ± 7.153, P = 0.281). The serum levels of 
resistin were comparable between male and female 
patients (7.160 ± 3.363 vs. 7.864 ± 4.459, P = 0.761) and 
were not affected by age (r = -0.154, P = 0.331) or dis- 
ease duration (r = -0.104, P = 0.513). Furthermore, 



resistin serum levels did not differ significantly between 
patients treated with glucocorticoids for less and more 
than one month, and treatment with other immunosup- 
pressive agents also did not affect the serum resistin 
levels. The resistin levels were not significantly different 
between patients with and without arthritis or patients 
with and without interstitial lung disease although these 
compartments may be a potential source of resistin. 

In patients with inflammatory myopathies, but not in 
healthy controls, the serum resistin levels correlated 
with the CRP levels (r = 0.328, P = 0.040) and, interest- 
ingly, positively correlated with the global MYOACT 
score (r = 0.382, P = 0.026). In contrast, resistin levels 
correlated neither with the creatine kinase and myoglo- 
bin levels nor with the MMT8 score in patients with 
inflammatory myopathies. Furthermore, we found that 
resistin serum levels significantly correlated with CRP 
levels (r = 0.717, P = 0.037) and MYOACT (r = 0.798, P 
= 0.007) in anti-Jo-1 positive patients, but not in anti- 
Jo-1 negative patients (CRP r = 0.140, P = 0.469; 
MYOACT r = 0.283, P = 0.181). In addition, there was 
a trend towards correlation between serum resistin 
levels and myoglobin (r = 0.650, P = 0.067) in anti-Jo-1 
positive patients. 

In patients with overlap myositis, resistin serum levels 
correlated with CRP (r = 0.511, P = 0.030), but not with 
other measures. In patients with DM, serum resistin 
levels significantly correlated with MYOACT score (r = 
0.667, P = 0.001), creatine kinase (r = 0.739, P = 0.001) 
and myoglobin levels (r = 0.791, P = 0.0003) and 
showed a trend towards correlation with CRP levels (r = 
0.447, P = 0.067). Correlations between the levels of 
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Figure 1 Increased serum resistin levels in patients with idiopathic inflammatory myopathies (MM) compared with healthy controls 
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serum resistin and parameters of clinical myositis activ- 
ity are summarized in Table 2. 

Expression of resistin in muscle tissue 

The assessment of resistin staining intensity in inflam- 
matory infiltrates of the sections from muscle biopsies 
revealed a mean intensity of 1.8 in myositis and 1.6 in 
DM patients on the 0 to 3 scale. As expected, no lym- 
phocytes were present in control individuals with MG. 
Therefore, muscle tissue samples from MG patients 
were used as non-inflammatory controls. We found that 
resistin expression in muscle tissues from patients with 
inflammatory myopathies was significantly higher when 
compared with control muscle tissues from patients 
with MG (Figure 2). The increased expression of resistin 
was particularly localised in scattered mononuclear cells 
and in mononuclear cells in inflammatory infiltrates sur- 
rounding large vessels and muscle fibres in patients with 
inflammatory myopathies. Mild resistin expression was 
observed in the cytoplasm of some muscle fibres. Resis- 
tin staining was observed in regenerating muscle fibres 
in four-fifths of myositis and three-fifths of DM patients, 
but not in control patients with MG (Figure 2). Identifi- 
cation of regenerating muscle fibers was based upon 
hematoxylin and eosin staining. Regenerating muscle 
fibers were smaller and splitting, with centrally located 
vesicular myonuclei. The cytoplasm of regenerating 
muscle fibers appeared basophilic. 

Effects of resistin on mononuclear cells 

PBMC (n = 8) were stimulated with increasing concen- 
trations of resistin (0, 10, 100, 1,000 ng/ml) for 6 or 48 
h. As shown in Figure 3, treatment of PBMC with resis- 
tin resulted in a significant and dose-dependent 



Table 2 Correlations between serum levels of resistin and 
disease activity in patients with inflammatory 
myopathies. 









MM 




Myositis 


DM 


Parameter 


Correlation 


all 


Jo-1 

+ 


Jo- 
1- 


pure 


overlap 




MYOACT 


r 


0.382 


0.789 


0.283 


0.866 


0.387 


0.667 




P 


0.026 


0.007 


0.181 


0.33 


0.125 


0.001 


MMT8 


r 


-0.055 


-0.179 


0.002 


-0.400 


0.020 


-0.439 




P 


0.765 


0.632 


0.993 


0.750 


0.944 


0.134 


Myoglobin 


r 


0.233 


0.650 


0.114 


0.200 


0.079 


0.791 




P 


0.159 


0.067 


0.490 


0.917 


0.794 


0.0003 


CK 


r 


0.145 


0.417 


0.122 


0.200 


-0.110 


0.739 




P 


0.385 


0.270 


0.528 


0.917 


0.663 


0.001 


CRP 


r 


0.328 


0.717 


0.14 


-0.800 


0.511 


0.447 




P 


0.044 


0.037 


0.469 


0.333 


0.030 


0.067 



Abbreviations: CK, creatine kinase; CRP, C-reactive protein; DM, 
dermatomyositis; MM, inflammatory myopathies; Jo-1, anti-Jo-1 antibody; 
MYOACT, disease activity assessment visual analogue scales 



induction of IL-ip (up to 6.5-fold), IL-6 (up to 203-fold) 
and MCP-1 (up to 10.8-fold). The induction of TNFa at 
the mRNA level was only mild (up to two-fold). This 
expression pattern was followed by the increased cyto- 
kine release into the cell culture supernatants (Figure 
4a-d). Cytokine levels after stimulation with the lowest 
doses of resistin were comparable with those of unsti- 
mulated cells but these values were significantly differ- 
ent after stimulation with higher doses of resistin. To 
study the effect of resistin on the cytotoxic activity of 
PBMC, the perforin and granzyme levels were analysed 
in cell culture supernatants. Only the highest concentra- 
tions of resistin resulted in a reduction in the release of 
both perforin and granzyme (Figure 4e, f). 

To exclude endotoxin contamination of human 
recombinant resistin, PBMC (n = 3) were stimulated 
with resistin (1,000 ng/ml) alone or in combination with 
polymyxin B sulphate (5 ug/ml) for 6 h. There were no 
differences in the expression of the abovementioned 
cytokines, indicating that there was no nonspecific effect 
mediated by recombinant resistin (data not shown). 

Effects of resistin on myocytes 

To assess the ability of resistin to induce a possible 
inflammatory response in skeletal muscle cells, as it 
does in mononuclear cells, myocytes (n = 9) were stimu- 
lated with increasing concentrations of resistin (0, 10, 
100, 1,000 ng/ml). Although the treatment of myocytes 
with resistin for 6 hours contributed to the slightly 
increased gene expression of some pro-inflammatory 
cytokines (Figure 3), the release of these cytokines into 
the cell culture supernatants after 48 hours from stimu- 
lated and unstimulated cells did not significantly differ. 
There was also no resistin-associated effect of on the 
expression of several type I interferon induced genes, 
such as CXCL10, IFI27, IFI44, IFI44L, RSAD2, OAS1, 
ISG15, IFIT1, MX1 (data not shown). Furthermore, as 
assessed by MTT assay, resistin did not affect prolifera- 
tion of skeletal muscle cells in vitro. 

Discussion 

In this study, we report for the first time an association 
between increased levels of serum resistin and the dis- 
ease activity of patients with inflammatory myopathies, 
particularly in anti-Jo-1 positive and dermatomyositis 
patients. Additionally, we found that the expression of 
resistin is up-regulated in muscle tissues of patients 
with inflammatory myopathies. Lastly, we found that 
resistin may contribute to the increased production of 
pro-inflammatory cytokines in mononuclear infiltrates, 
thus indirectly participating in muscle tissue pathology. 

Although resistin was initially associated with meta- 
bolic disorders, increased levels of resistin and its posi- 
tive correlation with inflammatory markers and disease 
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Figure 2 Expression of resistin in muscle tissue. Expression of resistin in affected skeletal muscle tissue from patients with dermatomyositis 
(a) and myositis (b) in contrast with no expression in the muscle tissue of myasthenia gravis (c). Expression of resistin in regenerating muscle 
fibres (pointed with arrow) in a patient with dermatomyositis (d). Corresponding tissue sections stained with isotype antibodies (e). Resistin 
appears as brown. Nuclei were stained with hematoxylin. Original magnification, x400 (a-c, e) and x200 (d). 



activity have been previously demonstrated in patients 
with rheumatoid arthritis (RA) [4,18-20]. In a study by 
Almehed and colleagues, serum resistin levels did not 
differ between patients with systemic lupus erythemato- 
sus (SLE) and healthy controls [21]; whereas in another 
study, SLE was independently associated with higher 
resistin levels [22]. Moreover, in both studies, the levels 
of resistin positively correlated with inflammatory mar- 
kers, disease-specific measures and renal dysfunction. In 
our study, we observed a strong correlation between 
higher levels of serum resistin and CRP and, most 
importantly, we observed an association with the global 
disease activity assessment of inflammatory myopathy. 
Importantly, we found that serum resistin levels were 
strongly associated with CRP and global disease activity, 
and a trend was also observed towards correlation 
between resistin levels and myoglobin in patients with 
myositis-specific anti-Jo-1 antibody in contrast to anti- 
Jo- 1 negative patients. Furthermore, resistin levels signif- 
icantly correlated with global disease activity and muscle 
enzymes in DM patients. These results are in line with 
the abovementioned findings, further supporting an 
association between resistin and autoimmune rheumatic 
diseases [4,18,22]. On the other hand, serum resistin 
levels did not correlate with muscle weakness. Thus, it 
could be hypothesized that serum resistin concentration 
may reflect global disease activity, including 



extramuscular organ involvement, rather than functional 
impairment in inflammatory myopathies. However, dis- 
ease specific mechanisms can be suggested. 

Recently, we demonstrated the increased expression of 
resistin in immune cells of RA synovial tissue [19]. In the 
present study, we consistently observed the up-regulation 
of resistin in the mononuclear cells of inflammatory infil- 
trates surrounding vessels and muscle fibres in patients 
with inflammatory myopathies. In contrast, there was no 
expression of resistin in control non-inflammatory muscle 
tissue. Importantly, a majority of samples from DM and 
myositis patients showed resistin staining in regenerating 
muscle fibres, perhaps implicating a contribution of the 
muscle tissue to the inflammatory process or influence of 
resistin on regenerating/immature muscle precursors in 
the pathogenesis of myositis. The presence of fibre degen- 
eration and regeneration is a typical histopathological pic- 
ture of inflammatory myositis. Initially, muscle repair is 
characterized by inflammation and degeneration of 
damaged muscle tissue. It is followed by activation, prolif- 
eration and differentiation of myogenic, so-called satellite 
cells with subsequent fusion and formation of multinu- 
cleated muscle fibres. This process requires a crosstalk 
between immune and muscle cells, including secreted fac- 
tors [23,24] . In fact, at the moment it is not possible to dis- 
tinguish the features of the inflammatory myositis that 
promote the injury from those that cause muscle 
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Figure 3 Effects of resistin on inflammatory response in myocytes and peripheral blood mononuclear cells (PBMC) Expression of IL-lot 
(a), IL-6 (b), MCP-1 (c) and TNFa (d) mRNA levels after stimulation with human resistin (10, 100, 1,000 ng/ml) for six hours in myocytes and 
PBMC Data are shown as fold changes compared to unstimulated controls (in graphs represented by control bar, rated as 1). Bars represent the 
mean + SEM. P-values less than 0.05 were considered statistically significant; * P < 0.05, ** P < 0.01. 



regeneration and repair [25]. Accordingly, the role of resis- 
tin in the pathology of muscle tissue in myositis is under- 
pinned by its association with parameters of disease 
activity in the group of patients with myositis associated 
autoantibody Jo-1. As we found increased systemic and 
local levels of resistin in inflammatory myopathies, we 
examined the effect of resistin on muscle and mononuc- 
lear cells in vitro. In line with previous reports [8,26], we 
found that resistin induces expression and synthesis of 
several proinflammatory mediators in mononuclear cells, 
thus possibly contributing to muscle tissue pathology. As 
demonstrated previously, IL-1, IL-6, MCP-1, as well as 
TNFa, are increased in myositis muscle tissues and contri- 
bute to disease pathogenesis [27-29]. However, these cyto- 
kines may have dual function and may not only contribute 
to muscle tissue damage, but also to the regeneration and 
healing of the muscle tissue [25,30]. Considering the 
ambivalent role of several mediators in inflammatory 



myositis, dual functions of resistin may be suggested. In 
this regard, we observed a trend towards the reduced 
synthesis of the cytotoxic enzymes perforin and granzyme 
in resistin-stimulated immune cells. 

It has been shown that several Toll-like receptors 
(TLRs) are expressed in immune cells but are not pre- 
sent in the muscle fibres of patients with inflammatory 
myopathies [31]. A recent study demonstrated that a 
TLR4 receptor mediates the proinflammatory effects of 
resistin in human cells [32]. Therefore, we assume that 
the lack of resistin-associated effects on myocytes in our 
study may be due to the absence of TLR4 receptors on 
the surface of these cells. That being said, resistin did 
not modulate the expression of several interferon (IFN)- 
a/p induced genes that have been recently observed in 
tissue of patients with inflammatory myopathies [33]. 
Interestingly, immature muscle precursors in myositis 
biopsy tissues have been recently demonstrated as an 
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important source of IFN-p\ which was, however, 
mediated by TLR-3 activation [34]. 

Conclusion 

We have demonstrated that increased levels in tissue as 
well as serum concentration of resistin in patients with 
inflammatory myopathies correlate with global disease 
activity. In patients with myositis-specific anti-Jo-1 antibody 
and, particularly, in dermatomyositis patients, elevated 
resistin levels associated with disease activity and muscle 
enzymes. We suggest that resistin indirectly participates in 
muscle tissue damage by inducing the production of pro- 
inflammatory cytokines by mononuclear cells. The exact 
role of resistin in muscle tissue regeneration or destruction 
in inflammatory myopathies needs further study. 
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